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(54) HARD CAPSULE 

(57) A hard capsule which is made mainly of a pol- 
ymer or copolymer obtained by polymerizing or copoly- 
merizing at least one polymerizable vinyl monomer in 
the presence of polyvinyl alcohol and/or a derivative 
thereof. Unlike conventional hard capsules, this hard 
capsule can be filled with a solvent (e.g., polyethylene 
glycol) for a sparingly soluble drug Ingredient. 



Fig. 2 



5 Kg 



o 
co 

CM 
CO 



FILLED CAPSULE 



£L 
LU 



Printed by Jouve. 75001 PARIS (FR) 

BEST AVAILABLE COPY 
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Description 
TECHNICAL FIELD 

g [0001] The present invention relates to a hard capsule that is made mainly of a polymer or copolymer obtained by 
polymerizing or copolymerizlng at least one polymerizable vinyl monomer In the presence of polyvinylalcohol and/or 
a derivative thereof. 

BACKGROUND ART 

10 

[0002] Many active substances (I.e. therapeutic ingredients) of medicines have poor solubility in water; with such 
substances, the absorbability from the alimentary canal Is low, and hence the uttlizablllty, the expression of therapeutic 
effects and so on are prone to dropping or fluctuating. In preclinical trials, when searching for therapeutic effects or 
blopharmaceutical parameters in animals or the like, It is common to make the therapeutic ingredient more easily 

15 absorbable by dissolving It in some kind of solvent; for a sparingly soluble therapeutic ingredient, polyethylene glycol 
of relatively low molecular weight or a derivative thereof, a polyoxyethylene sorbftan fatty acid ester, a fatty acid having 
6 to 12 carbon atoms or a salt thereof, polyoxyethylene castor oil, a derivative of dl ethylene glycol, or the like is used. 
However, these solvents are generally liquids, and hence making tablets is difficult, and moreover the pharmaceutical 
form ultanately put onto the market is developed separately. If these solvents could be made into a pharmaceutical 

20 preparation directly, then the time required for making the pharmaceutical preparation could be greatly reduced; the 
most promising pharmaceutical form for this Is a capsule. However, there Is a drawback in that if a conventional gelatin 
hard capsule is filled with polyethylene glycol having a degree of polymerization of 400 (PEG 400), then moisture in 
the capsule skin migrates Into the solvent, and the capsule may split (Pharmaceutical Technology Europe, October, 
84, 86, 88-90, 1 998). Moreover, with a conventional cellulose derivative capsule, the above solvents act as plastlcbers, 

25 and hence a so-called 'sweating' phenomenon occurs on the surface of the capsule in which the solvent permeates 
through the capsule skin. 

DISCLOSURE OF THE INVENTION 

30 [0003] The present inventors carried out assiduous studies to attain the above object, and as a result discovered 
that a hard capsule that is made mainly of a polymer or copolymer obtained by polymerizing or copolymerizing at least 
one polymerizable vinyl monomer in the presence of polyvinylalcohol and/or a derivative thereof has excellent stability 
even when filled with a solvent for dissolving a sparingly soluble therapeutic Ingredient, and moreover is also excellent 
in terms of general properties that a hard capsule should possess such as water solubility. 

35 [0004] That is, in the present invention It was discovered that a hard capsule can be manufactured whereby, by using 
PVA as a base polymer, the strength of the capsule is maintained even when filled with PEG 400 or the like, and 
moreover by using a polymer or the like of acrylic acid or math acrylic acid and a derivative thereof, the capsule does 
not tend to soften even under conditions of high humidity within a practical range, and tends not to split even at low 
humidity. 

40 [0005] The present Invention provides the following hard capsules. 

Item 1 . A hard capsule, that Is made mainly of a polymer or copolymer obtained by polymerizing or copolymerizlng at 

least one polymerizable vinyl monomer in the presence of polyvinylalcohol and/or a derivative thereof. 

Item 2. A hard capsule, that is made mainly of a polymer or copolymer obtained by polymerizing or copolymerizing at 

least one polymerizable vinyl monomer in the presence of polyvinylalcohol. 
^5 item 3. The hard capsule described In Item 1 , wherein the polyvinylalcohol derivative Is polyvinylalcohol having a thiol 

group at an end thereof. 

Item 4. The hard capsule described In Item 1 or 2, wherein the polymerizable vinyl monomer(s) Is/are at least one 
selected from the group consisting of: 

50 (1 ) acrylic acid, methacrylic acid, fumaric acid, maleic acid, and itaconic acid; 

(2) sodium salts, potassium salts, ammonium salts and alkylamine salts of the compounds in (1); and 

(3) methyl methacrylate, methyl acrylate, ethyl methacrylate, ethyl acryiate, butyl methacrylate, butyl acrylate, 
Isobutyl methacrylate, Isobutyl acrylate, cyclohexyl methacrylate, cyclohexyl acrylate, 2-ethyIhexyt methacrylate, 
2-ethyihexy! acrylate, acrylonrtrile, acrylamlde, dimethyiacrytamide, styrene, vinyl acetate, hydroxyethyl methacr- 

55 ylate, hydroxyethyl acrylate, an ester formed by polyethylene glycol and methacrylic acid, an ester formed by 

polyethylene glycol and acrylic acid, an ester formed by polypropylene glycol and methacrylic acid, an ester formed 
by polypropylene glycol and acrylic acid, N-vinylpyrrolidone, and acryloyl morpholine. Item 5. The hard capsule 
described In item 1 or 2, 
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wherein the poryrnerlzable viny! monomer Is a compound represented by general formula [1] 

H^CCR^-COOR,, [1] 

5 

[in the formula, R r represents a hydrogen atom or a methyl group, and F*2 represents a hydrogen atom or an alkyl 
group having 1 to 4 carbon atoms]. 

Item 6. The hard capsule described in item 1 or 2, wherein the polymerizable vinyl monomers are acrylic acid or 
methacryBc acid and methyl methacrylate, and the acrylic acid or methacrylic acid Is 5 to 10wt% of the total amount 
1° of the polymerizable vinyl monomers, and the methyl methacrylate is 50 to 95wt% of the total amount of the polymer- 
izable vinyl monomers. 

Item 7. The hard capsule described in item 1 or 2, wherein the polyvinylalcohol anoYor derivative thereof is 20 to 95wt%» 
and the polymerizable vinyl monomer(s) is/are 5 to 80wt%. 

Item 8. The hard capsule described in any one of items 1 to 7, further containing a gelating agent. Item 9. The hard 
15 capsule described In any one of items 1 to 8, wherein the inside of the capsule Is tilled with polyethylene glycol having 
a degree of polymerization of 2000 or less or a derivative thereof. 

Item 10. The hard capsule described in any one of items 1 to 8, wherein the inside of the capsule is filled with a 
poryoxyethytene sorbrtan fatty acid ester 

Item 11 . The hard capsule described in any one of items 1 to 8, wherein the inside of the capsule is filled with a fatty 
20 acid having 6 to 12 carbon atoms or a salt thereof. Item 12. The hard capsule described in any one of items 1 to 8, 
wherein the inside of the capsule is filled with polyoxyethylene castor oil. 

Item 13. The hard capsule described in any one of items 1 to 8, wherein the inside of the capsule is filled with an ether 
derivative of diethylene glycol. 

Item 14. The hard capsule described in any one of items 9 to 13, wherein a thickener is further added to the inside of 
25 the capsule. 

[0006] Following is a more detailed description of the present invention. 

[0007] Regarding the polyvinylalcohol and derivative thereof used In the present Invention, In addition to a completely 
hydrofyzed substance, an intermediately hydro lyzed substance or a partially hydroiyzed substance, various modified 
PVAs such as amine-modified PVA, ethylene-rnodified PVA and terminal-thiol-modified PVA can be used. 

30 [0008] PVA is a macromolecular compound, and ones of various degrees of polymerization are known, but there are 
no particular limitations on the mean degree of polymerization, with it being preferable to select one that is optimum 
in terms of concentration and viscosity in accordance with the usage. That is, there are various methods of manufac- 
turing the hard capsule as shown in the item below, and the optimum viscosity varies according to the method, and 
hence the molecular weight of PVA usable can be selected as appropriate. 

35 [0009] Polymerizable vinyl monomers that can be used in the present invention include, for example: at least one 
selected from the group consisting of: 

(1) acrylic acid, methacrylic acid, fumaric acid, maleic acid, and itaconb acid; 

(2) sodium salts, potassium salts, ammonium salts and alkylamine salts of the compounds In (1); and 

40 (3) methyi methacrylate, methyl acryiate, ethyl methacrylate, ethyl acryiate, butyl methacrylate, butyl acrylate, 

isobutyl methacrylate, isobutyl acryiate, cyclohexyl methacrylate, cyclohexyi acryiate, 2-ethylhexyt methacrylate, 
2-ethylhexyl acryiate, acrylonitrile, acrylamide, dimethylacrytamide, styrene, vinyl acetate, hydroxy ethyl methacr- 
ylate, hydroxyethyl acryiate, an ester formed by polyethylene glycol and methacrylic acid, an ester formed by 
polyethylene glycol and acrylic acid, an ester formed by polypropylene glycol and methacrylic acid, an ester formed 

45 by polypropylene glycol and acrylic acid, N-vinylpyrrolidone, and acryloy I morpholine; and compounds represented 

by genera! formula [1] 

HgC-CtR^COORg [1] 

so 

[in the formula, R 1 represents a hydrogen atom or a methyl group, and Rg represents a hydrogen atom or an alkyl 
group having 1 to 4 carbon atoms]. 

[0010] Preferably, at least one from (1) and (2) and at least one from (3) are used. More preferably, acrylic acid or 
55 methacrylic acid and methyl methacrylate are used. 

[0011 ] There are no particular limitations on the amounts used of the PVA and/or derivative thereof and the polym- 
erizable vinyl monomer(s), but preferably the amount used of the PVA and/or derivative thereof is from 20 to 95wt%, 
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and the amount used of the polymerizable vinyl monomer(s} from 5 to 80wt%. More preferably, the amount used of 
the PVA and/or derivative thereof Is from 50 to 90wt%, and the amount used of the polymerizable vinyl monomer(s) 
from 10to50wt%. 

[0012] If the amount used of the PVA and/or derivative thereof is less than 20wt%, then there will be a risk of the 
5 ability of the capsule to dissolve or be dispersed in water being somewhat reduced compared with the case that 20wt% 
or more te used. On the other hand, If the amount used exceeds 95wt%, then there will be a risk of the capsule being 
affected by humidity somewhat more, and hence the strength dropping somewhat and softening occurring under high 
humidity, compared with the case that 9Swt% or less Is used. 

[0013] Moreover, in the case that at least one from (1) and (2) and at least one from (3) are used as polymerizable 
10 vinyl monomers, relative to the total amount of the polymerizable vinyl monomers, the amount used of the at least one 
from (1) and (2) Is from 5 to 50 wt%, preferably from 10 to 40wt%, and the amount used of the at least one from (3) Is 
from 50 to 95wt%, preferably from 60 to 90wt%. 

[0014] A publicly known method can be used as the method of polymerization or copolymerization; for example, the 
PVA and/or derivative thereof is added to water and is dissolved by heating, and next the at least one polymerizable 
ts vinyl monomer and a polymerization Initiator are added, and polymerization or copolymerization is made to occur, 
whereupon a resin can be obtained. 

[0015] The polymerization initiator is used as required, and one used conventionally can be used. For example, an 
azo compound such as 2 l 2-azobis(2-amidlnopropane)hydrochloride or AIBN (azolsobutyronitrile), a persulfate such 
as potassium persulfate, sodium persulfate or ammonium persulfate, an organic peroxide such as t-butyl hydroperox- 
20 ide, a redox Initiator such as hydrogen peroxide - tartaric acid or hydrogen peroxide - sodium tartrate, and so on, can 
be used. 

[0016] Methods of manufacturing the hard capsule of the present Invention include an injection molding method and 
a dipping method, but there is no particular limitation to these methods, so long as the method Is such that the hard 
capsule can be molded. The dipping method Is a capsule manufacturing method that makes use of gelation of the hard 

25 capsule base material due to a temperature difference; in the case that the base material cannot be gelated, a so- 
called gelating agent Is added. For example, there are proposals in Japanese Patent No. 2552937 regarding a gefating 
agent used when manufacturing a hard capsule having a water-soluble cellulose derivative as a base material. The 
gelating agent Is selected as appropriate In accordance with the compatibility with the capsule base material, but 
specific examples are kappa carrageenan, iota carrageenan, lambda carrageenan, tamarind seed polysaccharide, 

30 pectin, curdlan, gelatin, furcellaran, agar, xanthan gum, locust bean gum, jielan gum, and so on. 

[0017] Moreover, a gelation auxiliary can be used as required. As a gelation auxiliary, for kappa carrageenan, a 
water-soluble compound containing one or two or more of potassium ions, ammonium ions and calcium ions, for ex- 
ample potassium chloride, potassium phosphate, calcium chloride or ammonium chloride, can be used, and for iota 
carrageenan, a water-soluble compound containing calcium Ions, for example calcium chloride, can be used. 

35 [0018] An example will now be given of a method of manufacturing the hard capsule in the case that a gelating agent 
is used. The hard capsule can be obtained by a method similar to a normal hard gelatin capsule molding procedure, 
namely a molding pin is immersed in an aqueous solution (gel) in which have been dissolved the polymer or copolymer 
obtained by polymerizing or copolymerlzlng at least one polymerizable vinyl monomer In the presence of polyvlnylal- 
cohol and/or a derivative thereof, the gelating agent, and if necessary a gelation auxiliary, and then the molding pin is 

40 pulled out, and the above-mentioned polymer or copolymer is gelated and dried. 

[0019] Note that, as with a normal hard gelatin capsule or cellulose derivative capsule, colorants such as dyes and 
pigments, opacifying agents, fragrances and so on can if required be added to the hard capsule of the present Invention 
as appropriate from within ranges such that the effects of the present invention are not impeded. 
[0020] The amounts used of the gelating agent, the gelation auxiliary and other additives are selected as appropriate 

4S rrom within ranges such that the hard capsule can be manufactured. 

[0021 ] There are no particular limitations on the thickness of the hard capsule of the present Invention, provided that 
the functions of the hard capsule are fulfilled; the thickness is preferably about 0.01 to 5mm, more preferably 0.05 to 
1mm. 

[0022] A characteristic feature of the hard capsule of the present invention is that it can be filled even with a solvent 
50 such as PEG 400 that is used for dissolving a sparingly soluble therapeutic ingredient but causes splitting or the like 
due to migration of moisture with a conventional hard capsule, or something such as creosote where the therapeutic 
Ingredient exerts an adverse effect on the stability of the hard capsule. There are no particular limitations on the solvent 
filled, provided the functions of the capsule are not impaired; examples include low molecular weight polyethylene 
glycol (PEG) and fatty acid ester derivatives thereof, ether derivatives of diethylene glycol, potyhydric alcohol fatty acid 
55 esters, propylene glycol fatty acid esters, glycerol fatty acid esters, polyglycerol fatty acid esters, polyoxyethylene 
glycerol fatty acid esters, sorbitan fatty acid esters, polyoxyethylene sorbltan tatty acid esters, polyoxyethylene sortoit 
fatty acid esters, polyoxyethylene castor oil, medium-chain fatty acids and salts thereof, and substances including the 
above. With the hard capsule of the present invention, in addition to the above, there are no limitations whatsoever on 
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filling with other additives common fy used in hard capsules such as lactose and starches. 

[0023] Pharmaceutical contrivances such as making the filling operation easier or preventing leakage of the filling 
from out of the hard capsule can be achieved by adding a thickener for the above-mentioned solvent. There are no 
particular limitations on the thickener, so long as ft is one mentioned in pharmaceutics textbooks or the like or one that 
is commonly used, for example light silicic acid anhydride, a vegetable oil, or a cellulose derivative. 
[0024] There are no particular limitations on the therapeutic ingredient filled into the hard capsule of the present 
invention, provided it does not impair the functioning of the capsule. As medicines, examples include vitamins, antife- 
brlles, analgesics, antiphloglstics, anti-ulcer agents, cardiotonics, anticoagulants, anastaltics, bone resorption inhibi- 
tors, vascularization inhibitors, antidepressants, anti-tumor agents, antitussh/es/expectorants, muscle relactants, an- 
tlepileptics, anti-allergic agents, arrhythmia treating agents, vasodilators, depressors/diuretics, diabetes treating 
agents, anti-tuberculosis agents, hormones, a nti narcotics, antibacteriais, antifungals, antivfrais, and so on; however, 
there is no particular limitation to these pharmacological action groups, but rather everything containing a therapeutic 
ingredient that has relatively poor solubility in water may be a target for the hard capsule of the present invention. 
Preferably, the therapeutic Ingredient Is a sparingly soluble active substance. 

[0025] In addition to a pharmaceutical preparation for oral administration, the hard capsule of the present invention 
can also be used as an inhalant or as a pharmaceutical preparation for rectal administration. Moreover, in addition to 
drugs for medical treatment, the hard capsule of the present invention can also be used In the fields of drugs/chemicals 
for animals or plants, cosmetics, and foodstuffs. Furthermore, the hard capsule of the present Invention can also be 
filled with reagents or the like for assaying or synthesis, and used with an object of simplifying handling thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] 

25 Fig. 1 is a schematic drawing showing a hard capsule hardness test apparatus. 

Fig. 2 is a schematic drawing showing a hard capsule pressure resistant strength test apparatus. 

BEST MODE FOR CARRYING OUT THE INVENTION 

30 [0027] Following is a detailed description of the present Invention, with working examples divided into synthesis 
examples, a manufacturing example, evaluation tests and experimental examples being shown; however, the present 
invention is not limited to the following working examples. Moreover, '%' Indicates wt% in all cases. 

Synthesis Example 1 

33 

[0028] 75 parts by weight of PVA-SH (degree of polymerization 500, degree of hydrolysis 88%, made by Kuraray 
Co., Ltd.) was completely dissolved in 237 parts by weight of ion-exchange water at 95°C. Next, the amounts of meth- 
acrylic acid and methyl methacrylate shown In Table 1 below were added, and after purging with nitrogen gas 3 parts 
by weight of t-butyl hydroperoxide was added and reaction was carried out, thus producing compounds E-1O01, E- 
40 1 002 , E-1 003 and E-1 004. An aqueous solution of 1 5 to 20% of each of the components was prepared, and approxi- 
mately 0.1mm films were produced using a casting method. The solubilities (water solubility, solubility at pH 1 2 t sol- 
ubility at pH 6.8, solubility In PEG 400) and strengths (bending angle (RH 65%, dry state)) of the films produced are 
shown in Table 1 . 

[0029] In the water solubility tests, a piece of film of size 20mm square was immersed in 10ml of water, gentle shaking 
4* was carried out, and It was ascertained whether or not the film dissolved or dispersed. In the pH 1.2 solubility tests, a 
piece of film of size 20mm square was Immersed in 10ml of Japanese Pharmacopoeia first fluid (pH 1.2) prepared 
from hydrochloric acid and deionized water, gentle shaking was carried out, and it was ascertained whether or not the 
film dissolved or dispersed. In the pH 6.8 solubility tests, a piece of film of size 20mm square was Immersed In 10ml 
of Japanese Pharmacopoeia second fluid (pH 6.8) prepared from potassium dihydrogen phosphate, sodium hydroxide 
50 and deionized water, gentle shaking was carried out, and it was ascertained whether or not the film dissolved or dis- 
persed. In the PEG 400 solubility tests, a piece of film of size 20mm square was immersed in 10ml of polyethylene 
glycol (molecular weight 400) and was left at 60*C for one week, and then it was ascertained whether or not the film 
dissolved. 

[0030] Moreover, in the strength tests, a piece of film of size 1 0mm x 20mm (thickness 0.1 mm) was aged for at least 
ss 24 hours at a relative humidity of 65% or in a dry state, and then the film was bent slowly 45* at a time, and the angle 
at which the film snapped was measured in units of 45°. 
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Table 1: 
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15 



20 



25 



Polymer composition ratios and film property values for Synthesis Example 1 





E-1001 


E-1002 


E-1003 


E-1004 


Composition 










PVA-SH 


75 


80 


80 


80 


MAA 


5 


6 


4 


2 


MMA 


20 


14 


16 


180 


Film solubility 










Water solubility 


Yes 


Yes 


Yes 


Yes 


| pH1 .2 solubility 


Yes 


. Yes 


Yes 


Yes 


pH6.8 solubility 


Yes 


Yes 


Yes 


Yes 


PEG400 


No 


No 


No 


No 


Film strength 










Bending angle 1 ) 


180° 


180° 


180° 


180° 


Bending angle 2 ) 


90° 


135° 


135° 


135° 



Bending angle 1 ) : Stored at relative humidity of 65% 

Bending angle 2 ) : Stored in dry state 

PVA-SH: polyvinylateohol having terminal thiol group, 

MAA: methacrylic acid, MMA: methyl methacryfate 

Yes: Soluble 

No: insoluble 
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Synthesis Example 2 

[0031] 75 parts by weight of PVA-SH (degree of polymerization 500 and 1500 mixed together, both degree of hy- 
drolysis 88%, made by Kuraray Co., Ltd.) was completely dissolved In 237 parts by weight of ion-exchange water at 
95°C. Next, the amounts of acrylic acid and methyl methacrylate shown In Table 2 below were added, and after nitrogen 
substitution 3 parts by weight of t-butyl hydroperoxide was added and reaction was carried out, thus producing com- 
pounds E-2001, E-2002, E-2003, E-2004, E-2005 and E-200S. The mixing proportions of the PVA-SH of degree of 
polymerization 500 and the PVA-SH of degree of polymerization 1500 were 50:50 (E-2001), 50:50 (E-2002), 45:55 (E- 
2003), 40:60 (E-2004), 20:80 (E-2005) and 1 0:90 (E-2006). An aqueous solution of 1 5 to 20% of each of the components 
was prepared, and approximately 0.1mm films were produced using a casting method. The solubilities and strengths 
of the films produced were measured as in Synthesis Example 1 , and are shown in Table 2. 

Table 2: 



Polymer composition ratios and film property values for Synthesis Example 2 





E-2001 


E-2002 


E-2003 


E-2004 


E-2005 


E-2006 


Composition 














PVA-SH 


75 


75 


75 


75 


75 


75 


AA 


7.5 


5 


7.5 


7.5 


7.5 


7.5 


MMA 


17.5 


20 


17.5 


17.5 


17.5 


17.5 


Film solubility 














Water solubility 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


pH1.2 solubility 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


pH6.8 solubility 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


PEG400 


No 


No 


No 


No 


No 


No 


Film strength 














Bending angle 1 ) 


180° 


180° 


180° 


180° 


180° 


180° 



6 



I 



EP1 323 404 A1 



Table 2: (continued) 



Polymer composition ratios and film property values for Synthesis Example 2 



Bending angled 



E-2001 E-2002 



180° 



180° 



E-2003 



180° 



E-2004 



180° 



io 



Bending angle 1 ) : Stored at relative hum dity of 65% 

Bending angle 2 ) : Stored in dry state 

PVA-SH: polyvinylalcohol having terminal thiol group, 

AA: acrylic acid, MMA: methyl methacrylate 

Yes: Soluble 

No: Insoluble 



E-2005 



180° 



E-2006 



180° 



Synthesis Example 3 

15 

[0032] 75 parts by weight of PVA-SH (degree of polymerization 500 and 1500 mixed together in a ratio of 1 :9, both 
degree of hydrolysis 88%, made by Kuraray Co., Ltd.) was completely dissolved in 237 parts by weight of ion-exchange 
water at 95° C. The amounts of methacryitc acid and methyl methacrylate shown in Table 3 below were then added 
thereto, and after nitrogen substitution 3 parts by weight of t-butyl hydroperoxide was added and reaction was carried 
20 out, thus producing compounds E-3001 , E-3002, E-3003. An aqueous solution of 1 5 to 20% of each of the components 
was prepared, and approximately 0.1mm films were produced using a casting method. The solubilities and strengths 
of the films produced were measured as in Synthesis Example 1 , and are shown in Table 3. 



Table 3: 



Polymer composition ratios and film property values for Synth es 


>is Example 3 




E-3001 


E-3002 


E-3003 


Composition 








PVA-SH 


75 


75 


75 


MAA 


7.5 


10 


5 


MMA 


17.5 


15 


20 


Film solubility 








Water solubility 


Yes 


Yes 


Yes 


pH1.2 solubility 


Yes 


Yes 


Yes 


pH6.8 solubility 


Yes 


Yes 


Yes 


PEG400 


No 


No 


No 


Film strength 








Bending angle 1 ) 


180° 


180° 


1B0° 


Bending angle 2 ) 


90° 


90° 


90° 


Bending angle 1 ) : Stored at re 


ative humidity of 65% 




Bending angle 2 ) : Stored in dry state 






PVA-SH: polyvinylalcohol having terminal thiol group, 




MAA: methacrylic acid, MMA: methyl methacrylate 




Yes: Soluble 








No: Insoluble 









so Synthesis Example 4 



[0033] 75 parts by weight of PVA (degree of polymerization 500 and 1700, both degree of hydrolysis 88%, made by 
Nippon Synthetic Chemical Industry Co., Ltd.) was completely dissolved in 237 parts by weight of ion-exchange water. 
Next, the amounts of acrylic acid and methyl methacrylate shown in Table 4 below were added, and after nitrogen 
55 substitution 3 parts by weight of t-butyl hydroperoxide was added and reaction was carried out, thus producing com- 
pounds E-4001 , E-4002, E-4003, E-4004, E-4005 and E-4006. The mixing proportions of the PVA of degree of polym- 
erization 500 and the PVA of degree of polymerization 1700 were 50:50 (E-4001), 50:50 (E-4002), 45:55 (E-4003), 40: 
60 (E-4004), 20:80 (E-4005) and 10:90 (E-4006). An aqueous solution of 15 to 20% of each of the components was 
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prepared, and approximately 0.1mm films were produced using a casting method. The solubilities and strengths of the 
films produced were measured as In Synthesis Example 1, and are shown In Table 4. 



Table 4 





E-4001 


E-4002 


E-4003 


E-4004 


E-4005 


E-4006 


Composition 














PVA 


75 


75 


75 


75 


75 


75 


AA 


7.5 


5 


7.5 


7.5 


7.5 


IB 


MMA 


17.5 


20 


17.5 


17.5 


17.5 


17.5 


Film solubility 














Water solubility 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


pH1. 2 solubility 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


pH6.8 solubility 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


PEG400 solubility 


No 


No 


No 


No 


No 


No 


Fifrn strength 














Bending angle 1 ) 


180* 


180° 


180° 


180° 


180° 


180° 


Bending angle 2 ) 


180° 


180° 


180° 


180° 


180° 


180" 


Bending angle 1 ) : Stored at relative humidity of 65% 








Bending angle 2 ) : Stored in dry state 










PVA: polyvinylalcohol, 












AA: acrylic acid, MMA: methyl methacrylate 








Yes: Soluble 














No: Insoluble 















Manufacturing Example 

[0034] 0.40 grams of carrageenan and 0.30 grams of potassium chloride were added to 200 grams of aqueous 
solutions of the polymers produced in Synthesis Examples 1 , 2, 3 and 4 prepared such that the nonvolatile content 
was about 20 to 23%, this was kept at about 60° C, and a stainless steel pin at room temperature was put in and then 
pulled out, thus manufacturing hard capsules of film thickness about 0.1 to 0.2mm. 

Evaluation Test t : Hard capsule softening degree test 

[0035] An empty hard capsule was placed on its side, a plunger of diameter 3.5mm was pushed against the capsule 
at a constant speed of 5mm/min, and the maximum strength until the diameter of the capsule was halved was measured. 

Evaluation Test 2: Hard capsule appearance test 

[0036] Hard capsules filled with various additives were stored for 5 days sealed tightly at 60° C or for 7 days at room 
temperature, and then the shapes of the capsules were verified with the naked eye. 

Evaluation Test 3: Hard capsule dissolution test 

[0037] An empty hard capsule was separated into the cap and the body part, 50ml of water at 37±2°C was added 
to the one hard capsule, agitation was carried out occasionally, and the time taken for the hard capsule to completely 
dissolve was measured. 

Evaluation Test 4: Hard capsule disintegration test 

[0038] The hard capsule disintegration time was measured in accordance with the disintegration test method in the 
Japanese Pharmacopoeia 13th edition. For about 1000ml of water, and Japanese Pharmacopoeia first fluid (pH 1.2) 
and second fluid (pH 6.8), a capsule with the cap and body part joined together was set in a disintegration testing 
machine following the normal method and a disc was placed on top, and the time required for disintegration was 
measured. 
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Evaluation Test 5: Hard capsule hardness test 

[0039] Using the hard capsule hardness test apparatus shown in Fig. 1 , the strength of an empty hard capsule was 
measured. That is, the damage to the hard capsule when a weight of 50 grams was dropped vertically onto the empty 
5 capsule from 1 0cm was Investigated. 

Evaluation Test 6: Hard capsule pressure resistant test 

[0040] Using the hard capsule pressure resistant test apparatus shown In Fig. 2, the resistant of a hard capsule was 
10 measured. That Is, the damage to the hard capsule when the hard capsule was pressed with a force of 5 kilograms 
was investigated. 

Experimental Example 1 

is [0041] Hard capsules (with no filling) produced by the method In the Manufacturing Example using polymers of 
Synthetic Examples 1 , 2, 3 and 4 as raw materials were stored for 1 day at 25°C and RH 75%, and then the strength 
of each of the capsules was measured using the method of Evaluation Test 1. The measurement results are shown In 
Table 5. 

20 



Table 5: Hard capsule softening degree test 



Hard capsule 


E-1001 


E-1002 


E-1003 


E-1004 


E-2001 


E-2002 


Strength 
(grams) 


97 


12 8 


148 


160 


170 


212 



Hard capsule 


E-2003^ 


E-2004 


E-2005 


E-2006 


E-3001 


Strength 
(grains) 


224 


162 


170 


180 


136 



Hard capsule 


E-4001 


E-4002 


E-4003 


E-4004 


E-4005 


E-4006 


Strength 
(grams ) 


180 


200 


212 


194 


180 


165 



40 Experimental Example 2 

[0042] The solubilities of hard capsules produced by the method in the Manufacturing Example using the polymers 
of Synthetic Examples 1 , 2 and 4 as raw materials, and a commercially available gelatin capsule (marketing name: 
Gelatin Capsule; made by Shionogi Qualicaps Co., Ltd.) and hydroxypropylmethylcellulose capsule (marketing name: 
45 Cellcap; made by Shionogi Qualicaps Co. , Ltd.) (hereinafter referred to as the HPMC capsule), were measured using 
the method of Evaluation Test 3. The measurement results are shown in Table 6. 



Table 6: 



Hard capsule dissolution time (minutes; water, 37°C) 


Hard capsule 


Gelatin 


HPMC 


E-1001 


E-1002 


E-1003 


E-1004 


Dissolution time (min) 


3.5 


8.2 


6.3 


6.8 


4.5 


5.3 


Hard capsule 


E-2001 


E-2002 


E-2003 


E-2004 


E-2005 


E-2006 


Dissolution time (mm) 


7.7 


9.8 


11.3 


11.0 


9.5 


8.7 
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Table 6: (continued) 
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Hard capsule dissolution time (minutes; water, 37°C) 


Hard capsule 


E-4001 


E-4002 


E-4003 


E-4004 


E-4006 


E-4006 


Dissolution time (min) 


6.8 


8.8 


9.2 


9.6 


8.8 


7.4 



Experimental Example 3 

10 [0043] Five of each of the hard capsules produced by the method in the Manufacturing Example using polymers of 
Synthetfc Examples 1 , 2, 3 and 4 as raw materials, and the commercially available Gelatin Capsule and HPMC capsule, 
were prepared, storage was carried out for 3 days under conditions of room temperature and a relative humidity of 
57%, and the strengths were measured using the method of Evaluation Test 5. The measurement results are shown 
in Table 7. 



Table 7: 



20 



25 



30 



35 



40 



Strength upon storage of hard capsules 


Capsule 


Moisture value (%) 


Splitting 


Gelatin 


145 


0/5 


HPMC 


6.4 


0/5 


E-1001 


6.8 


0/5 


E-1002 


72. 


0/5 


E-1003 


6.9 


0/5 


E-1004 


6.7 


0/5 


E-2001 


7.1 


0/5 


E-2002 


6.7 


0/5 


E-2003 


6.7 


0/5 


E-2004 


6.7 


0/5 


E-2005 


6.9 


0/5 


E-2006 


6.8 


0/5 


E-3001 


6.7 


0/5 


E-4001 


6.6 


0/5 


E-4002 


6.8 


0/5 


E-4003 


6.3 


0/5 


E-4004 


7.1 


0/5 


E-4005 


6.5 


0/5 


E-4006 


6.5 


0/5 



Experimental Example 4 

[0044] 0.5m! of PEG 400 or a poryoxy ethylene sorbitan fatty acid ester (marketing name: Tween 80) was filled into 
45 hard capsules produced by the method in the Manufacturing Example using polymers of Synthetic Examples 2, 3 and 
4 as raw materials, and the commercially available gelatin capsule and HPMC capsule, storage was carried out for 5 
days sealed tightly at 60°C, and then the appearance and the pressure resistant were measured using the methods 
of Evaluation Tests 2 and 6. The measurement results are shown in Table 8. 



Table 8: 



55 



Appearance and pressure resistant of hard capsules filled with solvents during stress tests 




PEG400 


Tween 80 




Capsule 


Appearance 


Splitting 


Appearance 


Splitting 


Gelatin 


No change 


2/2 


Deformed 
slightly 


0/2 
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Table 8: (continued) 



5 


Appearance and pressure resistant of hard capsules If (led with solvents during stress tests 




PEG400 


Twee n 80 




Cansute 

vapour 


Appearance 


Splitting 


Appearance 


Splitting 




upup 
nrMO 


Deformed 


0/2 


r\ afr\ rm aH 


0/2 










slightly 






E-2001 


No change 


0/2 


No change 


0/2 


to 


E-2002 


No change 


0/2 


ino cnange 


\Jfkz 




E-2003 


No change 


0/2 


No change 


0/2 




E-2004 


No change 


0/2 


No change 


0/2 




E-2006 


No change 


0/2 


No change 


0/2 


15 


E-3001 


No change 


0/2 


No change 


0/2 




E-4001 


No change 


0/2 


No change 


0/2 




E-4002 


No change 


0/2 


No change 


0/2 




E-4003 


No change 


072 


No change 


0/2 




E-4004 


No change 


0/2 


No change 


0/2 


20 


E-4005 


No change 


0/2 


No change 


0/2 




E-4006 


No change 


0/2 


No change 


0/2 



Experimental Example 5 

[0045] 0.5ml of PEG 400, or a glyceryl fatty acid ester of PEG (marketing name: Labrasol), or a polyoxy ethylene 
sorbltan fatty acid ester (marketing name: Tween 80) was filled Into hard capsules produced by the method In the 
Manufacturing Example using polymers of Synthetic Examples 2 (E-2006) and 4 (E-4006) as raw materials, and the 
disintegration time was measured using the method of Evaluation Test 4. The measurement results are shown in Table 
9. 



Table 9: 



Disintegration time of hard capsules (minutes; water, 37°C) 




E-2006 


E-4006 


Riling 


Water 


First fluid 


Second fluid 


Water 


First fluid 


Second fluid 


PEG400 


4.6 


5.8 


5.2 


4.2 


6.2 


6.0 


Labrasol 


5.1 


4.3 


4.5 


5.8 


5.0 


4.0 


TweenBO 


6.5 


12.2 


t4.3 


5.2 


10.2 


8.6 



Experimental Example 6 

[0046] 0.5ml of PEG 400, a glyceryl fatty acid ester of PEG (marketing name: Labrasol), a polyoxyethylene sorbltan 
fatty acid ester (marketing name: Tween 80), capric acid, a diethyiene glycol derivative (marketing name: Transcutol 
P), or propylene glycol was filled into hard capsules produced by the method in the Manufacturing Example using 
polymers of Synthetic Examples 2 (E-2006) and 4 (E-4006) as raw materials, and the commercially available gelatin 
capsule and HPMC capsule, storage was carried out for 1 week at room temperature, and then the appearance and 
the compression strength of the hard capsules were measured using the methods of Evaluation Tests 2 and 6. The 
measurement results are shown in Table 10. 

[0047] Table 1 0: Appearance and compression strength upon storing at room temperature (1 week) when filled with 
a solvent 





E-2006 


E-4006 


Filling 


Appearance 


Splitting 


Appearance 


Splitting 


PEG400 


No change 


072 


No change 


0/2 
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(continued) 





E-2006 


E-4006 


Filling 


Appearance 


Splitting 


Appearance 


Splitting 


Labrasol 


No change 


0/2 


No change 


0/2 


Twee n 80 


No change 


0/2 


No change 


0/2 


Caprlc acid 


No change 


0/2 


No change 


0/2 


Transcutol P 


No change 


0/2 


No change 


0/2 


Propylene 


No change 


072 


No change 


0/2 


glycol 













HPMC 


Gelatin 


Filling 


Appearance 


Splitting 


Appearance 


Splitting 


PEG400 


Deformed slightly 


0/2 


No change 


2/2 


Labrasol 


Deformed slightly 


0/2 


Deformed slightly 


0/2 


TweenBO 


Deformed slightly 


0/2 


No change 


1/2 


Capric acid 


Deformed slightly 


0/2 


No change 


1/2 


Transcutol P 


Deformed 


2/2 


No change 


2/2 


Propylene glycol 


Deformed 


2/2 


Deformed 


2/2 



25 Experimental Example 7 

[0048] 40 parts by weight of white beeswax was added to 960 parts by weight of PEG 400, and mixing was carried 
out with stirring at 70°C. 0.5ml of this was filled Into hard capsules produced by the method In the Manufacturing 
Example using polymers of Synthetic Examples 2 (E-2006) and 4 (E-4006) as raw materials, and the commercially 
30 available gelatin capsule and HPMC capsule, storage was carried out for 1 week at room temperature, and then the 
appearance and the compression strength of the hard capsules were measured using the methods of Evaluation Tests 
2 and 6. The measurement results are shown in Table 11. 

Experimental Example 8 

35 

[0049] 26 parts by weight of light silicic acid anhydride was added to 974 parts by weight of PEG 400, and mixing 
was carried out with stirring at SOOOrpm. 0.5ml of this was filled into hard capsules produced by the method in the 
Manufacturing Example using polymers of Synthetic Examples 2 (E-2006) and 4 (E-4006) as raw materials, and the 
commercially available gelatin capsule and HPMC capsule, storage was carried out for 1 week at room temperature, 
40 and then the appearance and the compression strength of the hard capsules were measured using the methods of 
Evaluation Tests 2 and 6. The measurement results are shown in Table 11 . 

[0050] Table 11 : Appearance and compression strength upon storing at room temperature (1 week) when filled with 
a high viscosity filling 





E-2006 


E-4006 


Filling 


Appearance 


Splitting 


Appearance 


Splitting 


PEG400/ white beeswax 
PEG400/ light silicic acid anhydride 


No change 
No change 


0/2 
0/2 


No change 
No change 


0/2 
0/2 






HPMC 


Gelatin 


Riling 


Appearance 


Splitting 


Appearance 


Splitting 


PEG400/ white beeswax 
PEG400/ light silicic acid anhydride 


Deformed 
Deformed 


0/2 
0/2 


No change 
No change 


2/2 
2/2 
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[Evaluation as hard capsule raw materials] 

[00511 As shown In Tables 1 , 2, 3 and 4, all of the polymers from E-1 001 to E-4006 dissolve in water and acidic and 
neutral aqueous solutions, but do not dissolve In PEG 400. Moreover, all of the films snap with difficulty when bent, 
and hence the polymers are suitable as hard capsule raw materials. 

[Softening degree of the hard capsule of the present invention] 

[0052] As shown in Table 5, the hard capsule of the present Invention has high strength even under high humidity, 
with softening not being observed. 

[Solubility and disintegration of the hard capsule of the present invention] 

[0053] As shown in Table 6, the time for dissolution in water of the capsule of the present invention Is within 12 
minutes In all cases, i.e. the solubility is good. Moreover, as shown In Table 9, even when filled with PEG 400, Labrasol 
or Tween 60, the hard capsule of the present invention disintegrates rapidly in water and first fluid and second fluid. 

[Impact strength of the hard capsule of the present Invention] 

[0054] As shown in Table 7, the Impact strength of the capsule of the present invention is comparable with that of a 
commercially available gelatin capsule and HPMC capsule, and hence It Is judged that the capsule of the present 
invention can adequately be used as a hard capsule. 

[Filling of solvents Into hard capsule of the present invention] 

[0055] As shown in Table 8, when hard capsules filled with PEG 400 or Tween 80 are stored under severe conditions 
of 60°C, the commercially available gelatin capsule and HPMC capsule show deformation and splitting, whereas the 
capsule of the present Invention does not show deformation or splitting. Furthermore, as shown in Tables 10 and 11 , 
the hard capsule of the present Invention does not deform, and splitting Is not observed, even when filled with any of 
various fillings. 

INDUSTRIAL APPLICABILITY 

[0056] According to the hard capsule of the present invention, pharmaceutical preparation becomes possfcle of a 
hard capsule filled with polyethylene glycol (PEG) of relatively low molecular weight or a derivative thereof, a polyox- 
yethylene sorbltan fatty add ester, a fatty acid having 6 to 12 carbon atoms or a salt thereof, polyoxy ethylene castor 
oil, a derivative of diethylene glycol, or the like, for which pharmaceutical preparation of a capsule is considered to be 
difficult with a conventional hard capsule from the standpoint of stability. 

[0057] That Is, the hard capsule of the present invention can be filled with many fillings that were considered to not 
be suitable with conventional hard capsules from the standpoint of change in appearance, strength and so on; the hard 
capsule of the present Invention will thus contrtoute to Improvement of the effective availability rate of drugs, simplifi- 
cation of pharmaceutical preparations, and rapid development of pharmaceutical preparations. 



Claims 

1. A hard capsule, that Is made mainly of a polymer or copolymer obtained by polymerizing or copolymerizing at least 
one polymerizable vinyl monomer in the presence of polyvlnylalcohol and/or a derivative thereof. 

2. A hard capsule, that is made mainly of a polymer or copolymer obtained by polymerizing or copolymerizing at least 
one polymerizable vinyl monomer in the presence of polyvlnylalcohol. 

3. The hard capsule according to claim 1, wherein the polyvinylalcohol derivative is polyvlnylalcohol having a thiol 
group at an end thereof. 

4. The hard capsule according to claim 1 or 2, wherein the polymerizable vinyl monomer(s) is/are at least one selected 
from the group consisting of: 
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(1) acrylic acid, meth acrylic acid, fumaric acid, maleic acid, and itaconic acid; 

(2) sodium salts, potassium salts, ammonium salts and alkylamine salts of the compounds In (1); and 

(3) methyl methacrylate, methyl acrylate, ethyl methacrylate, ethyl acrylate, butyl methacrylate, butyl acrylate, 
Isobutyl methacrylate, isobutyl acrylate, cyclohexyi methacrylate, cyclohexyl acrylate, 2-ethylhexyl methacr- 

5 ylate, 2-ethylhexyl acrylate, acrylonitrile, acrytamide, dimethylacrylamlde, styrene, vinyl acetate, hydroxyethyl 

methacrylate, hydroxyethyl acrylate, an ester formed by polyethylene glycol and methacryllc acid, an ester 
formed by polyethylene glycol and acrylic acid, an ester formed by polypropylene glycol and methacrylic acid, 
an ester formed by polypropylene glycol and acrylic acid, N-vlnylpyrrolidone, and acryloyl morpholine. 

to 5. The hard capsule according to claim 1 or 2, wherein the polymerlzable vinyl monomer is a compound represented 
by general formula [1] 
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HaC^CfR^COORj, [1] 

[in the formula, R 1 represents a hydrogen atom or a methyl group, and R2 represents a hydrogen atom or an alky I 
group having 1 to 4 carbon atoms]. 

6. The hard capsule according to claim 1 or 2, wherein the polymerizabte vinyl monomers are acrylic acid or metri- 
cs acrylic acid and methyl methacrylate, and the acrylic acid or methacrylic acid is 5 to 1 0wt% of the total amount of 

the polymerlzable vinyl monomers, and the methyl methacrylate Is 50 to 95wt% of the total amount of the polynv 
erizable vinyl monomers. 

7. The hard capsule according to claim 1 or 2, wherein the polyvinyl alcohol and/or derivative thereof is 20 to 95wt%, 
25 and the polymerizable vinyl monomers) is/are 5 to 80wt%. 

8. The hard capsule according to any one of claims 1 to 7, further containing a gelatlng agent. 

9. The hard capsule according to any one of claims 1 to B, wherein the inside of the capsule is filled with polyethylene 
30 glycol having a degree of polymerization of 2000 or less or a derivative thereof. 

10. The hard capsule according to any one of claims 1 to 8, wherein the inside of the capsule is filled with a polyox- 
yethytene sorbitan fatty acid ester. 

35 11 . The hard capsule according to any one of claims 1 to 8, wherein the inside of the capsule is filled with a fatty acid 
having 6 to 12 carbon atoms or a salt thereof. 

12. The hard capsule according to any one of claims 1 to 8, wherein the inside of the capsule is filled with polyoxy eth- 
ylene castor oil. 

40 

13. The hard capsule according to any one of claims 1 to 8, wherein the inside of the capsule is filled with an ether 
derivative of diethylene glycol. 

14. The hard capsule according to any one of claims 9 to 13, wherein a thickener is further added to the inside of the 
45 capsule. 



50 
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Fig. 1 



1 



Weight 50g 



10 cm 



EMPTY CAPSULE 
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Fig. 2 



5 Kg 




FILLED CAPSULE 
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